Light cold dark matter consisting of weakly interacting slim (or sub-eV) particles (WISPs) has been in the focus of a large number of studies made over the past two decades. The QCD axion and axion-like particles with masses in the 0.1 µeV-100 meV are strong candidates for the dark matter particle, together with hidden photons with masses below 100 meV. This motivates several new initiatives in the field, including the WISP Dark Matter eXperiment (WISPDMX) and novel conceptual approaches for broad-band WISP searches using radiometry measurements in large volume chambers. First results and future prospects for these experiments are discussed in this contribution.
The most sensitive laboratory HP and axion/ALP DM searches performed so far in the mass range 10 −7 -10 −3 eV have utilised the "haloscope" approach [21] which employs resonant microwave cavities lowering substantially the detection threshold in a narrow band around each of the cavity resonances [12, 13, 14, 22, 23, 24] . The WISP DM signal results from conversion of DM halo particles inside the cavity volume, V , into normal photons. This conversion is achieved via spontaneous kinetic mixing of HP with SM photons or via the Primakov process induced by an external magnetic field, B, for axions/ALPs.
The output power of the axion/ALP conversion signal is P out ∝ G Q V |B| 2 , where Q is the resonant enhancement factor (quality factor) of microwave cavity and G is the fraction of cavity volume (form factor) in which the electric field of the converted photon can be detected [25, 26] . Both G and Q depend on the cavity design and the resonant mode employed in the measurement. The respective P out for the HP signal does not have a dependence on B.
The fractional bandwidth of a haloscope measurement is ∝ Q −1 , with typical values of Q not exceeding ∼ 10
5 . The WISP DM signal itself is restricted to within a fractional bandwidth of Q −1
2 ≈ 10 −6 , with σ DM describing the velocity dispersion of the dark matter halo. A measurement made at a frequency, ν, and lasting for a time, t, can detect the WISP signal at an SNR ∝ t / W P out /(k b T n ), where W is the signal bandwidth, T n is the noise temperature of the detector, and k b is the Boltzmann constant.
The exceptional sensitivity of microwave cavity experiments comes at the expense of rather low scanning speeds of 1 GHz/year [12, 27] , which makes it difficult to implement this kind of measurements for scanning over large ranges of particle mass. To overcome this difficulty, new experimental concepts are being developed that could relax the necessity of using the resonant enhancement and working in a radiometer mode with an effective Q = 1 [16, 17, 28, 29, 30] .
WISP Dark Matter eXperiment
At frequencies below 1 GHz, the ADMX experiment [12, 13, 14] has employed the haloscope approach to probe the HP and axion/ALP dark matter in the 460-860 MHz (1.9-3.6 µeV) range [31] , and a high frequency extension, ADMX-HF is planned for he 4-40 GHz frequency range [32, 33] . The WISP Dark Matter eXperiment (WISPDMX, Fig. 1 ) extends the haloscope searches to particle masses below 1.9 µeV, aiming to cover the range 200-600 MHz (0.8-2.5 µeV).
WISPDMX utilises a 208 MHz resonant cavity of the type used at the proton accelerator ring of the DESY HERA collider [34] . The cavity has a volume of 460 liters and a nominal resonant amplification factor Q = 55000 at the ground TM 010 mode. The signal is amplified by a broad-band 0.2-1 GHz amplifier chain with a total gain of 40 dB. Broad-band digitization and FFT analysis of the signal are performed using a commercial 12-bit spectral analyzer, enabling simultaneous measurements at several resonant modes at frequencies of up to 600 MHz.
The main specific aspects of WISPDMX measurements are: 1) broadband recording in the 200-600 MHz band at a resolution of ≤ 150 Hz, 2) the use of multiple resonant modes tuned by a plunger assembly consisting of two plungers, and 3) the planned use of rotation of the cavity in the magnetic field in order to enable axion measurements at multiple resonant modes as well.
The WISPDMX measurements are split into three different stages: 1) HP DM searches at the nominal frequencies of the resonant modes of the HERA cavity; 2) HP DM searches with cavity tuning (covering up to 70% of the 200-600 MHz band); and 3) axion/ALP DM searches using the DESY H1 solenoid magnet which provides B = 1.15 T in a volume of 7.2 m 3 . The first phase of the WISPDMX measurements has been completed [15] , and the final results are being prepared for publication. The WISPDMX setup used for these measurements is shown in Fig. 1 . Table 2 .1 lists preliminary exclusion limits obtained for five different resonant modes of the cavity. These limits reach below χ = 3 × 10 −12 at all of the modes used in the measurement, and already these limits probe the parameter space admitting HP DM. The expected exclusion limits for the HP and axion/ALP DM searches in the next two phases of WISPDMX are shown in Figs. 2-3.
Broadband experiments
The relatively low scanning speed (e.g., ≈ 100 MHz/yr for WISPDMX and ∼ 1 GHz/yr for ADMX) and limited tunability of resonant experiments make them difficult to be used for covering the entire 1 µeV-10 meV range of particle mass. The gain in sensitivity provided by the resonant enhancement, Q, needs to be factored against the bandwidth reduction of the Column designation: resonant mode of the cavity, with its respective resonant frequency, ν, quality factor, Q, geometrical form factor, G, measured noise power, P det , hidden photon mass, mγ s , and 95% exclusion limit, χ, for hidden photon coupling to normal photons, calculated for the antenna coupling κ = 0.01 [15] .
order of Q −1 , which may result in a somewhat counterintuitive conclusion that non-resonant, broadband approaches may be preferred when dealing with a mass range spanning over several decades.
Indeed, for axion/ALP searches, reaching a desired sensitivity to the photon coupling implies a measurement time t ∝ T 2 sys B −4 V −2 G −2 Q −2 . A broadband measurement, with Q b ≡ 1, needs to last Q 2 times longer to reach the same sensitivity. However, the broadband measurement probes the entire mass range at once, while it would require a (potentially very large) number of measurements, N mes = 1 + log(α) / log[Q/(Q − 1)], in order to cover a range of particle mass from m 1 to m 2 = α m 1 (with α > 1). Then, the broadband approach would be more efficient in case if t b < t n N mes . This corresponds to the following comparison between these two types of measurement:
where the subscripts b and n refer to the respective parameters of the broadband and narrowband measurements. For typical experimental settings, one can expect that T b ∼ 100 T n , B b ∼ B n , V b ∼ 100V n , and G b ∼ 0.01G n . In such conditions, a narrowband experiment with Q > 10 4 / log α would be less efficient in scanning over the given range of mass. Applied to the entire 0.1 µeV-10 meV range of mass, this condition implies restricting the effective resonance enhancement of narrowband measurements to less than ∼ 2000, which effectively disfavors the narrowband approach for addressing such a large range of particle mass.
The measurement bandwidth of radiometry experiments is limited only by the detector technology, with modern detectors employed in radio astronomy routinely providing bandwidths in excess of 1 GHz and spectral resolutions of better than 10 6 . One possibility for a radiometer experiment is to employ a spherical dish reflector that provides a signal enhancement proportional to the area of the reflector [16, 28, 29, 30] . This option is well-suited for making measurements at higher frequencies (shorter wavelengths, λ), as the effective signal enhancement is ∝ A dish /λ 2 , where A dish is the reflecting area [16] . It is therefore expected that this concept would be best applicable at λ 1 cm (ν 30 GHz). At lower frequencies, another attractive possibility for engaging into the broadband measurements is to use the combination of large chamber volume and strong magnetic field provided by superconducting TOKAMAKs or stellarators such as the Wendelstein 7-X stellarator [35] in Greifswald (providing B = 3 T in a 30 m 3 volume).
Radiometry chamber experiments
More generally, the stellarator approach signifies a conceptual shift to employing a large, magnetized volume of space which can be probed in a radiometry mode (radiometer chamber), without resorting to a resonant enhancement of the signal. The exclusion limits expected to be achievable with the spherical reflector experiments and with the measurements made in a radiometer chamber with the volume and magnetic field similar to those of the Wendelstein stellarator are shown in Fig. 2-3 .
Deriving from the stellarator approach, a large chamber can be designed specifically for the radiometer searches, with the inner walls of the chamber covered by multiple fractal antenna elements providing a broad-band receiving response in the 0.1-25 GHz frequency range with a high efficiency and a nearly homogeneous azimuthal receiving pattern [36, 37] . Combination of multiple receiving elements provides also the possibility for achieve directional sensitivity to the incoming photons.
The directional sensitivity can be realized through high time resolution enabling phase difference measurements between individual fractal antenna elements. Making such measurements is well within the reach of the present day data recording implemented for radio interferometric experiments with the recording rate as high as 16 Gigabit/sec [38] . This recording rate provides a time resolution down to 0.12 nanoseconds, thus enabling phase measurements over effective travel path difference δ l ≈ 4 millimetres. This corresponds to an angular resolution φ p in the range of R/(L/δ l + 1
φ p (2R/δ l + 1) 1/2 /(R/δ l + 1), where R and L denote the smallest and largest dimensions of the chamber, respectively. For a chamber fitted into the HERA H1 magnet (assuming R ≈ 1 m and L ≈ 3 m), this corresponds to angular resolutions of 0.05
• . The radiometry chamber measurements could therefore provide an attractive experimental concept for performing WISP DM searches in the range of particle mass between 0.1 and 2 µeV, thus closing the low end of the parameter space still open for the axion dark matter.
